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ABSTRACT 
This project proposes the applications and performance of Low - pass filter 
for anti - sway control of a gantry crane system. The control objective is to control 
and reduce residual sway angle of the pendulum by using feed forward approach. An 
unshaped bang - bang torque input is used to determine the characteristic parameters 
of the system for the design and evaluation of the Low - pass filter techniques. 
Experiment results of the response of gantry crane to the input are presented in time 
and frequency domains. The effects of the order of the filtered Low - pass filter on 
the performance of the system are investigated. Finally, a comparative assessment of 
the amplitude polarities of the system performance is presented and discussed.
iv 
ABSTRAK 
Projek mi mencadangkan aplikasi dan prestasi penapis laluan rendah yang 
bertindak menentang kawalan ayunan terhadap sistem gantri kren. Objektif kawalan 
adalah untuk mengawal dan mengurangkan bald sudut bandul itu dengan dengan 
menggunakan pendekatan kehadapan. Satu input yang tidak berbentuk iaitu "bang - 
bang torque" digunakan untuk menentukan ciri-ciri parameter sistem tersebut untuk 
mereka bentuk dan menilai teknik - teknik penapis laluan rendaK Hasil keputusan 
daripada ekspenmen bagi tindak balas gantri kren terhadap input akan ditunjukkan 
dalam domain masa dan domain frekuansi. Kesan terhadap beberapa perintah ynag 
telah ditapis oleh penapis laluan rendah terhadap sistem tersebut akan disiasat. Akhir 
sekali, satu pantaksiran komparatifpada amplitud kekutuban terhadap prestasi sistem 
tersebut akan dibentang dan dibincangkan.
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CHAPTER 1 
INTRODUCTION 
1.1	 Background 
Gantry cranes are very important part of many material handling systems like 
lift, move, position, and place machinery, equipment and other large object. It also 
widely used in various applications for examples in shipyard, in factories and in high 
building constructions. This system tends to be highly flexible in nature, generally 
responding to command motion with oscillation of the payload and hook. These 
materials are usually heavy, large, and hazardous which cannot be handling by 
workers. There are various type of crane that widely used in heavy industries such as 
boom crane, rotary (tower) crane, gantry crane and others. Figure 1.1 show example 
of gantry crane which related in this project study. 
One of the most important aspects to handling the crane is a worker who has 
an experience to operate the crane in safer operating manner and procedures. The 
swaying phenomenon introduce not only reduce the efficiency of the crane, but also 
case safety problems in the complicated working environment. There are many cases
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and incidents regarding on the crane's accidents. For example, the incident occurred 
in United States of America, which is in Hanford Site and Bryan Mound Site in April 
1993. The first incident occurred in 28th April 1993, where a crane becomes 
unbalanced while the boom was being lowered. The second incident occurred 2 days 
later, on 30th April 1993, which while loading the load, the weight of the load caused 
the crane to tip forward [1].
Figure 1.1: Gantry Crane 
Thus, most of the researchers have been actively to make the crane moving 
smoothly without swaying when carried the load. However, there are many 
applications that have been used to reduce the sway of a gantry crane such as 
mechanical or hydro - mechanical anti-sway systems which increase natural 
damping and it generally succeed but both have a high initial and maintenance cost 
[2]. Besides that, a vision sensor is commonly used to the weather (heavy rain, direct 
sunlight, and so on) which is accompanied with image processing system to detect 
the sway angle for reducing or eliminating the sway induced by random trolley 
motion. There are some strategies that will be used to control the sway for examples, 
fuzzy control [3], neural network [4], non-linear control [5], and so on.
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In this project, a different approach will be proposed to reduce the sway of a 
gantry crane system by using Low-pass filter. For this purpose, gantry crane has been 
chosen in order to achieve the aim. Feed-forward approach will be applied in order to 
control and reduce the sway angle of the pendulum. Therefore, an unshaped bang-
bang torque input is used to determine the characteristic parameters of the system for 
the design and evaluation of the Low-pass filter technique. The different orders will 
be implemented in the performance of Low-pass filter of the system, and experiment 
result of the response of a gantry crane input will be presented and discussed. 
	
1.2	 Objectives 
The objectives of this project are: 
(i) To develop a Low-pass filter techniques for anti-sway control of a 
gantry crane system 
(ii) To study the performance of Low-pass filter with different orders. 
	
1.3	 Scope of Project 
The scopes that need to be proposed for this project are: 
(i) To study dynamic modeling flexible of gantry crane. 
(ii) To design a Low-pass filter by using 3 rd order, 6th order, and 
9th order to perform which orders are effectively reduces the
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residual sway angle of the pendulum. 
(iii) To do a simulation studies using Matlab to present preliminary result 
of the simulink model of a crane system. 
(iv) To do an experiment studies using CEMToo1 software. 
(iv) To analysis the designed control model by using the Swing-up 
Inverted Pendulum System hardware. 
1.4 Problem Statement 
Almost every industry uses a gantry crane for its material handling 
applications. These gantry cranes are mostly equipped with cabled hoisting 
mechanism, which are prone to the load sway problems. Sway persists even if a 
skilled operator is operating the crane. Because of danger to the ground staff and 
ground equipment, these load sways can't be accepted for such material handling 
applications. Furthermore, another factor that must be considered is the effect of the 
load swing and disturbance on the load will risk hazard in material handling 
application of a gantry crane system. Thus, anti-swing control of material handling 
cranes is becoming a necessity day by day and many researchers for anti-sway 
system have been progressed for a long time after the first appearance of the crane. 
Regarding on this matter, this project will focus on developing a Low-pass 
filter for anti-sway control of a gantry crane system by using feed-forward to control 
and reduce the residual sway angle of the pendulum. The performance of Low-pass 
filter by using different orders on a gantry crane model will be implementing to find 
which orders can reduce more sway angle of the pendulum. The design control 
model can be applied on Swing-up Inverted Pendulum System hardware to get the 
result base on the real experiment implementation.
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1.5	 Thesis Overview 
This thesis is a combination of 6 chapters that contains and elaborates 
specific topics such as the Introduction, Literature Review, Methodology, Result and 
Discussion, and Conclusion. 
Chapter 1 basically is an introduction of the project. In this chapter, the main 
idea about the background and objectives of the project will be discussed. The full 
design and basic concept of the project will be focused in this chapter. The overview 
of the entire project also will be discussed in this chapter to show proper 
development of the project. 
Chapter 2 will be discussed about the literature reviews of this project based 
on journals and other references. 
Chapter 3 will be focused on methodologies for the development of high 
performance low-pass filter for anti-sway control of a gantry crane system. 
Chapter 4 will be focused on the experiment result and discussion of 
CEMToo1s software before and after the controller of Low-pass filter has been 
developed by using 3rd order, 6th order and 9th order. This chapter also discusses a 
performance of each order and which orders are more efficient to reduce sway angle 
of pendulum base on the experiment results. 
Chapter 5 discusses the conclusion and future recommendation for future 
works.
CHAPTER 2 
LITERATURE REVIEW 
2.1 An Overview 
In general, gantry crane is the part of the system which has a high demand in 
industrial fields because it was very useful and efficient equipment to do all the 
heavy works such as transporting heavy load and hazardous materials in building 
constructions. Most of the problems that always occur are the trolley on the crane 
swaying caused by disturbance on the load or improper operator's control. 
Considering the effect of the problems, the ideas to reduce the sway by the 
researchers were progressed actively and then they came out with various 
approaches. Thus, a nonlinear coupling control laws for a three degree of freedom 
overhead crane system has been chosen using simple PID controller technique [6]. 
There are two aims in designing the controller, which are designing separately the 
two types of controller for this purposes. The first approach is designing anti-swing 
controller, which control the swing damping by a proper methods and second 
approach is designing a tracking controller in order to make the cart follows the 
specified trajectory [7].
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Singhoe and members [8] have proposed an input shaping control to limit 
residual vibration by generating command profile which the vibration can be 
cancelled. Besides that, the command shaping control mechanism also used to reduce 
the oscillation of the payload and it not include the feedback mechanism of close-
loop controllers because the sensor of the signal will not occurred if using the 
vibration reduction which ably with a reference signal that will expected the error 
before it occurs [9]. Therefore, input shaping command can improves the transient 
and steady state response of mechanical system. 
Matlab and Simulink have been used to investigate the sway of industrial 
crane in order to develop anti-sway control strategies [10]. The model of pendulum 
will be accurate with respect to the aspect of the relation of different shapes of load 
which limit the angle of the angle at the same acceleration, and the changes of cable 
length during simulation or other influences like disturbances of wind. By reviewing 
those aspects, it will offers the potential for extensive benchmark test with a different 
anti-sway controller and also regarded to be appropriate in order to investigate anti-
sway methods which sufficient for a purpose of simulation. 
Another method was discovered by Yong and members [11] to reduce the 
sway of a crane which is using a new vision-sensorless anti-sway control scheme 
where the sway angle of the load has been estimated with the speed of the trolley. 
The speed of the trolley can-be calculated with the rotational speed of the trolley 
motor. But, the calculated speed of the trolley is not exactly equal to the real speed of 
the trolley motor because there is nonlinearity an uncertainty in the mechanical 
structure. According to Chang and members, the simulations have been carried with 
Simulink to verify performance of the method and it consist two parts, one is the 
estimation of the sway angle and the other is the anti-sway control with the 
estimation of sway angle. The flexibility of cable crane is one of the parts that has 
been considered to suppress the transverse vibration of the load via a domain control 
based a control law, Lyapunov's second method [12]. A vibration is reduced the 
system with the sway dynamics that has been modeled as a hybrid partial different
8 
equation (PDE) and ordinary differential equation (ODE) system of a laterally 
moving cable. The actuator is given in an ODE, while the flexible cable that moved 
in horizontal direction of the crane is given in a PDE. Therefore, the velocity of the 
point of attachment of the cable was measured to control the device and enables the 
implementation of the control law. 
Besides that, there are some researchers have a different ways to identify the 
potential of the methods that will be used for example anti-sway control and position 
control of a crane system were separately controlled and applied independently [13]. 
The system is adjusted to make the position of the trolley are in desired position and 
at the same time the velocity response of the load with respect to changes in the 
velocity of the trolley is not oscillatory to prevent swaying. A practical and 
intelligent control method for automatic gantry crane has been developed by using 
nominal characteristic trajectory following (NCTF) controller and frizzy logic 
controller. NCTF can control the position of the trolley while the fuzzy logic 
controller is used to suppress the swing vibration when the payload reaches the 
desired position [14]. 
Yang, H.0 [15] stated that feed-forward techniques for sway attenuation 
involve developing the control input through consideration of the physical and 
swaying properties of the system, so that system swaying at dominant response 
modes is reduced. This method does not require additional sensors or actuators and 
does not account for changes in the system once the input is developed. Filtering 
technique approach is also used with proposing forward path command shaper which 
functions as notch filter on command manoeuvre. The pendulation of hoisting line of 
the boom crane during and after movement will be reduced by developing shape 
input on the basis of extracting the input energy around the natural frequency of the 
system.
The implementation of Delay Feedback Signal (DFS) and PD-type Fuzzy 
Logic Controller has been developed in sway reduction of a gantry crane system 
which both of the controller provides better performances in level of swaying angle 
reduction [16]. The controllers also can handle the disturbances effect for anti-sway 
of the gantry crane system. The filtering technique for anti-swaying control by using 
infinite impulse response (HR) filter [17] was implemented with the Low-pass filter 
and Band-stop filter with different orders on the rotary crane system in hybrid control 
schemes. A Linear Quadratic (LQR) control is used to investigate the effectiveness in 
developing horizontal angle position control of rotary crane. The investigation was 
show that LQR controls with Band-stop filter provide higher level of sway reduction 
as compared to the Low-pass filter. The attenuation of sway in filtering techniques 
was increased with the increment of number of filter's order.
CHAPTER 3 
METHODOLOGY 
3.1 Work Methodology 
Methodology is a chronology of work progress that is usually construct in 
flow chart. It also can be a fast review of works which takes a period of time to finish 
it. For this project, there are several steps to complete the project besides the 
reviewing and study before starting the experiment. In term of work methodology, it 
can be summarized as in Figure 3.1.
Choose title of project 
I Literature Review I 
Previous researches I	 Simulate the crane's model by using Low-pass filter technique via SIMULINTK and 
MATLAB 
Designing the unshaped bang-bang torque input
based on Low-pass filter techniques 
Verification of control model design
using CEMTooI Software 
I	 Analysis controller design	 I 
I Verification I 
Conclusion 
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Figure 3.1: Work Methodology
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3.2 Simulation of A Gantry Crane Model in MATLAB 
Figure 3.2 shows a block diagram of sway control of a gantry crane system. 
The systems are built in the MATLAB/Simulink environment. The system is 
simulated to show an output before and after filtered by using 3 rd order, 6th order and 
9th 
order. The responses of the proposed input filter are respectively presented in 
Figure 3.3, Figure 3.4 and Figure 3.5 below. The simulated responses are presented 
in Power Spectral Density (PSD), amplitudes of sway angle of the pendulum and 
horizontal position of the cart. 
II-El 
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Figure 3.2: A Gantry Crane Model 
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3.3 The Unshaped Bang - Bang Torque Input Design in SIMTooI 
The unshaped bang-bang torque input is designed in SIMToo1 to determine 
characteristic parameters of the system for the SlMTool block design and evaluation 
of the Low-pass filter technique. After that, the experiment is continued to find the 
cutoff frequency without using a filter. A suitable unshaped bang-bang torque will be 
designed by using a small value of parameter to reduce the amplitudes sway angle of 
the pendulum. Thus, it will make less vibration of the sway angle and the settling 
down will becomes longer to obtain reduction of sway angle of the pendulum with 
the increment number of filter's order.
